Introduction
The need for tritium labeled compounds specifically labeled in the methyl group as a probe for biological studies has become more and more apparent. Therefore, an extensive effort has been made to find a general method for the labeling of methyl groups with high specific activity.
According to literature references, methyl groups in a wide variety of organic compounds can be labeled with tritium by several different procedures, e.g. catalysed exchange with tritium gas or tritiated water, halogenation followed by tritiodehalogenation, direct labeling by the Wilzbach method and catalytic reduction of formyl group. 1 Most notable of the methods with wider applicability are the various processes of methylation, employing tritiated methylating reagents.These reagents are currently derived from tritiated methanol which is available from the catalytic reduction of carbon monoxide and/or carbon dioxide with tritium gas or tritium-hydrogen mixtures ( Fischer Tropsch type synthesis).2 Subsequent conversion of this reagent into [3H] methyl iodide using hydriodic acid has been reported with 100% isotopic abundance.3 Monotritiomethyl iodide with low to moderate specific activity has previously been prepared by a number of different methods, e.g. the reaction of HTO with diazomethane and methyl formate. 4 These reactions give monotrititated methanol which, after hydrolysis with HI, yield TCH21. Monotritiomethyl iodide at nearly theoretical specific activity was also prepared from bis-chloromethyl ether through several steps.S In this method, the precursor was hydrogenolyzed and the tritiated dimethyl ether hydrolysed with hydriodic acid. All of these tritiation procedures published to date suffer from several drawbacks, such as hazardous conditions, highly toxic reagents, numerous steps and low yields.
We now report a new and efficient synthesis of high specific activity TCH2I by preparation of chloromethyl esters as the precursors. Tritiodehalogenation of the precursors with tritium gas in the presence ofPd-C afforded the tritiated esters which were then cleaved with either Lil or HI.
Results and Discussion
We believe the most efficient method to obtain [3H] methyl iodide with specific activity of 29 Ci/mmol is through the tritiation of chloromethyl esters and subsequent hydrolysis or cleavage of the tritiomethyl esters, leading simply and directly to [3H] 
(a) Synthesis of Chi oro methyl Esters
Chloromethyl benzoate (bp 115/8mmHg) was prepared by the condensation of benzoyl chloride and paraformaldehyde in the presence of fused zinc chloride. 6 Similarly the solid chloromethyl p-phenylbenzoate (mp 102 0 ) was prepared by the condensation of biphenylcarbonyl chloride and parafonnaldehyde in the presence of fused zinc chloride in 35% yield (Scheme I). Using trioxane as the source of fonnaldehyde in this reaction gave slightly better yield of the desired product ( 38%). Preparation ofbis-chloromethyl terephthalate (mp 125 0 ) was finally achieved in 49% yield by fusion of terephthalic acid chloride and parafonnaldehyde in the presence of zinc chloride (Scheme m.
(b) Hydrogenolysis and Tritiation of Chloromethyl Esters
Hydrogenolysis of the C-CI bond in chloromethyl benzoate was very slow and under one atmosphere of hydrogen and with various amounts of PdlC (10%) in the presence of triethylamine, there was only 30% reduction over 48-72 hrs. In contrast, complete hydrogenolysis of the C-Cl bond of chloromethyl p-phenylbenzoate, with H2 in the presence ofPd-C (10%) and in DMF, occurred in less than 12 hrs and greater than 95% conversion to the methyl p-phenylbenzoate as was shown by proton nmr and thin layer chromatography. These results indicate that the presence of the p-phenyl substituent in the precursor has influenced the rate of hydrogenolysis of the C-CI bond. The reason for this enchanced reactivity is as yet not known. Catalytic tritium-halogen replacement (using carrier free tritium gas) of chloromethyl p-phenylbenzoate over Pd-C (10%), with purified DMF as the solvent gave monotritiomethyl p-phenyl benzoate (specific activity, 22 Ci/mmol) with a radiochemical purity of greater than 98% as shown by radio-HPLC. In another experiment, the reaction of [2H] parafonnaldehyde 7 with pphenylbenzoyl chloride gave chloromonodeuteriomethyl p-phenylbenzoate (Scheme 1m. When this compound was subjected to tritium-:halogen replacment, tritiodeuteriomethyl p-phenyl benzoate resulted. This compound is the precursor for the synthesis of (dl) chiral methyl iodide. By analysis of the IH coupled 3H nmr spectra of these two compounds, it was possible to extract values for proton-proton geminal coupling constants of the methyl groups, which are inaccessible in any other way. The chemical shifts and coupling constants are given in the experimental section.
Catalytic tritium-halogen replacement of bis-chloromethyl terephthalate with carrier free tritium over Pd-C (10%) with DMF as solvent afforded di-[methyl-3H]terephthalate at a specific activity of 40-52 Ci/mmol depending on the excess tritium used.The specific activity of the di-[methyl-3H]terephthalate could readily be estimateded by proton NMR.
The 360 MHz spectrum revealed a doublet with Jm=11.7 Hz at 3.92 ppm for the CH2T group and a small singlet at 3.94 ppm for the unlabelled methyl groups. The estimation of the specific activity was done by peak height comparison. The resulting di [methyl-3H] terephthalate is slightly volatile (slow sublimation at 2()oC under high vacuum) and for this reason we finally chose chloromethyl p-phenyl benzoate as the preferred chloromethyl precursor.
( c) Generation and Reaction of [3 
HJ Methyl Iodide
Oeavage of esters to iodides is generally achieved by treatment with hydriodic acid at 140 0 C, and with di-[methyI3H]terephthlate, [3H] methyl iodide was produced in 90-95% yield by III treatment. In an alternative method, the ester was treated with lithium iodide and heated to 18()o C to generate methyl iodide in 97% yield. This reaction presumably proceeds via nucleophilic attack by iodide ion on the methyl group with concomitant displacement of carboxylate anion. Lithium iodide has previously been used for cleavage of the methyl esters to the corresponding carboxylic acids, but the generation of methyl iodide from the reaction mixture has not been the primary goal in these earlier studies. 8 -12 In this procedure, the absence of solvent makes a major contribution to the simplicity of the isolation, and the only volatile product, methyl iodide, is readily vacuum transferred (350 mm, liq.N2)' One can also use DMF as the solvent, refluxing the mixture for 3 hr at 16()O C. All of these procedures generate [3H] methyl iodide at high temperature.
The generated methyl iodide was transferred as liberated (no trapping) to the substrate in K2C03f'DMF and yielded methylated products in 70-90% yield. Thus, the reaction of tritiated methyl iodide generated from monotritiomethyl p-phenylbenzoate (specific activity 15 Ci/mmol) with N-methylaniline gave [3H] N,N-dimethylaniline in 50% yield with a specific activity of 12 Ci/mmol (Scheme IV). application of proton and triton NMR spectroscopy was used to detennine the specificity of labeling in the final products. Lithium iodide, with or without solvent (DMF), and HI have been found to be very effective reagents for the cleavage of the tritium labeled esters. The generated methyl iodide has been directly reacted with the compound desired to be N-methylated in the presence of an organic base. This technique can provide tritium labeled methyl iodide with a specific activity of milli to multicuries/mmol depending on the activity of the isotopic source and is applicable in all radiochemistry laboratories which can handle tritium gas. Hence, we report the facile preparation of TCH21 (and potentially of lUCHI) in high chemical yield with high radiochemical purity, a generally applicable reagent for [3H] -N-methylation and similar reactions.
Experimental
Tritium gas was purchased from Oak Ridge National Laboratory and contained 97.9% T2. with the largest contaminant being OT(1.76%). All starting materials were purchased and repurified prior to use. OMF was distilled from BaO immediately prior to use. IH and 3H NMR spectra were recorded in CDCl3 or 020, on an IBM AF-300 NMR spectrometer. HPLC analyses of the precursor and [3H]-N-methylated products were performed using a Waters C-18 radial pak column with a mobile phase of MeOHlH20t'Nl40H(50/50/1, 3mUmin). Mass peaks were observed by UV detection at 249 nm on a HP 1040A diode array spectrophotometer, and radioactivity measurements 4-Biphenylcarbonyl chloride (l.4g, 6.5 mmol) was dissolved in dry, thiophene free benzene (l0 mL) and paraformaldehyde (1.5g) was added To this mixture a trace of zinc chloride was added and it was refluxed at 900C for 1.5 hr. TLC Rf 0.6 (CHCIYHexaneIn) showed a product and unreacted starting material. Longer reaction time up to 24 hr did not give more product, but a by-product was formed.The reaction was then discontinued, cooled and the solvent was evaporated. The residue was flash chromatographed (CH 2 CI2> and the product was separated from the starting material and the by-product using preparative radial thin layer chromatography: yield, 540 mg,2. 
Methyl p-Phenylbenzoate(3a)
A mixture of p-phenylbenzoic acid (3g, 15 mmol), absolute methanol (8g) and conc. H2S04 (0.5g) were placed in a round-bottomed flask and refluxed at 7rPC for 5 hr. The excess alcohol was then distilled off. The residue was poured into water (l0mL) and washed with concentrated aqueous NaHC0 3 until all the acid was removed The aqueous solution was extracted with CHCl3 (3xI5mL) and the combined organic layer dried [Methyl-3Htl p-Phenylbenzoate(3b) Chloromethyl p-phenylbenzoate (2,7.5 mg, 0.03 mmol) was dissolved in DMF(1mL) and Pd-C(10%,15 mg) was added. N,N-Diisopropylethylamine(5JJ,L) was added and the compound was tritiated with T2 for 12 hr.The solution was then filtered and the filtrate was freeze-dried. A white solid,3b, was left as the only product of the hydrogenation: yield,6 mg,O.3 mmol (95%); specific activity 22 Ci mmol-1 ;IH NMR (CDCI 3 ): 03.9 (s,2H),7.4(m,3H),7.6(m,4H),8.1(d,2H); 3H NMR (IH decoupled) 3.9 (s); 3H NMR (IH Coupled) 3.9(t, 2J HT =11.7 Hz, 2JHH =10.9 Hz).
Bis-chloromethyl Terephthalate(4)
Terephthalic acid chloride (50 mmol) and paraformaldehyde (100 mmol) were fused together with a catalytic amount of zinc chloride and held at 1200 C for two hours with occasional stirring. The coold reaction mixture was then extracted with CH2Cl2 which was evaporated and the crude product was chromatographed over silica gel using CH2Cl2 as eluent. Recrystallization from CH2Cl2 -cyc1ohexane afforded pure product: yield, 6. The [3H] methyl iodide was generated from its precursor 5 using the apparatus shown in figure 1 and the following procedure. for 30 min at 50-6QOC a white precipitate was formed which was filtered to give trimethylphenylarnmonium iodide: yield, 88mg (58%);mp 2I5 0 C (lit. S mp 2200c).lH NMR (020): 0 3.6(s,9H), 7.7 (dm,5H). 
